Objective: To assess the short-and long-term effectiveness of a lottery incentive intervention to promote the purchase of healthy products in school cafeterias. Design: A quasi-experiment in which students' purchases in intervention schools were analysed in a pre-post analysis and also compared with a control school in a difference-in-differences model. A hierarchical linear model assessed the mean number of promoted healthy products purchased daily per participant before (twenty-six weekdays), during (nine weekdays) and after (twenty-eight weekdays) the intervention period. Sex, age and prior purchasing behaviour served as covariates. Setting: Convenience sample of school cafeterias using a debit-card payment method that allowed for the assessment of students' purchasing behaviour. Participants: Students who used the pre-paid card to buy snacks at the school cafeteria. A total of 352 students (208 in intervention schools and 144 in control school) were included in the final analyses. Results: The incentives programme significantly increased the purchase of promoted healthy products during (v. before) the intervention period in intervention schools (P < 0·001), especially among younger children (P = 0·036). Among the students who purchased the promoted healthier products during the intervention, there was an increase in total number of purchased products (healthy non-promoted, but also of less healthy products). Sex and past consumption behaviour did not influence the response to incentives in the short term. On average, no long-term effect was observed. Conclusions: Long-term and negative spillover effects must be taken into consideration for a complete understanding of the effects of incentives on healthier eating.
Children are failing to meet the recommended daily servings of fruits and vegetables (1) , which is in sharp contrast with their frequent consumption of energy-dense, micronutrient-poor foods (2) . They are also becoming overweight and obese over the years, a trend partly attributed to unhealthy eating habits (3, 4) . In Brazil, as in many developing countries, the prevalence of obesity has increased significantly in the past 40 years. Between 1974 and 1997, the prevalence of overweight Brazilian children and adolescents (i.e. 6-18 years old) more than tripled from 4·1 to 13·9 % (5) . The latest most comprehensive assessment of health indicators in Brazil revealed a 23·7 % prevalence of overweight and 7·8 % of obesity among adolescents aged 13-17 years. Furthermore, the prevalence of overweight and obese teenagers is significantly higher in private compared with public schools (6) . Not surprisingly, the shortterm health problems related to childhood and adolescent obesity are increasing in the country (7) . Attempts to counteract the rise in prevalence of overweight and obesity abound, and children represent an intuitive target for health promotion efforts. Eating patterns established in childhood tend to persist throughout life (8) . In addition, obesity in children progresses slowly and is often attributed to small changes in energy balance. Thus, obesity prevention in children should need proportionally small efforts (9) . Importantly, the school is the location where: (i) children and teens spend most of their time when they are away from home (10) ; (ii) an educational environment and a powerful social network of teachers and peers are in place (11, 12) ; and (iii) class schedules and daily routines create recurring context cues (13) . These characteristics position schools as rather promising environments for the implementation of interventions designed to promote healthier habits (14) . Among the host of possible health-related interventions, economic incentives have stood out as a plausible device (15) (16) (17) based on their ability to align short-and longterm benefits. Although intuitively appealing, the impact of economic incentives on healthy food intake remains unclear, particularly in the long run. A recent systematic review of twenty-eight studies that used economic incentives to promote healthier eating in schools revealed that, in the short term (i.e. during the intervention period), the interventions proved successful in general (18) . However, the overall effect was less convincing in the long term (i.e. after the intervention period). Indeed, while some more recent studies have observed a lasting post-intervention effect (19) (20) (21) (22) , others observed a clear diminishing effect over time (23, 24) . Also, interventions that promote the purchase of less energy-dense snacks might lead to unintended consequences, as the subsequent increase in food consumption. This compensatory behaviour has been observed among children (25) and adults (26) in real-life settings, but not as a result of incentive-based interventions. In addition, experimental studies found mixed results on the effect of energy restriction in compensatory eating (27, 28) , which calls for further investigation of this issue.
The present study assessed the effectiveness of a private nutrition company's promotion initiative targeted at multiple healthier products available in school cafeterias in Belo Horizonte, Brazil. The nature of the data collection (school cafeteria 'debit cards') allowed for an unobtrusive observation of each individual purchasing behaviour prior to, during and after the intervention. In doing so, the process directly and precisely measured the short-and long-term impact of the incentive and the moderating roles of demographics and past eating habits. In addition, the unique nature of (i) the target healthy products (i.e. healthier snacks allocated from a pool of commonly offered products at the school cafeteria), (ii) the population under investigation itself (i.e. upper-middle-class Brazilian children and adolescents in private primary and secondary schools) and (iii) the availability of data on individual nonidentified consequential previous purchasing behaviour tested the robustness and nuances of the phenomenon.
Methods
Context and data set School cafeterias are virtually omnipresent in Brazilian private schools. A third party most commonly operates the cafeteria, and menus are created under the supervision of a dietitian-nutritionist with the compliance of the school directory board and the parents' council. The cafeteria may have opening hours similar to the school's, and purchases can be made at any time. However, purchases are much more frequent during the morning and afternoon recess breaks.
The payment method varies across school cafeterias. In 2014, a start-up nutrition company based in Rio de Janeiro developed a system to offer a payment solution and nutritional database for private schools in Brazil. Once an agreement is made between the school and the company, all students become eligible users. Parents who choose to adopt this system load money into a pre-paid card that their children use to pay for snacks selected from a touchscreen menu installed in customized totems in the school. The device prints a ticket that is exchanged for the chosen products at the cafeteria counter. Purchase data are stored at the individual level. The advantages of this system include: (i) the reduction of cash transactions in the school environment; and (ii) the ability for the school, the company and the parents to monitor the eating patterns of children (e.g. a parent can monitor what is being offered in the cafeteria and what is consumed by his/her child at school). The company also assesses the nutritional value of foods and drinks offered at schools by following the Nutrient Rich Food Index (NRF9.3) nutrient density score (29) and the offerings are classified into three main categories: low (e.g. soft drinks, fried pies, chocolate bars and candies, other ultra-processed items), moderate (e.g. locally prepared sandwiches, baked pies, pizza, chocolate milk) and high (e.g. fruits, natural fruit juices, low-fat snacks made with wholegrain flour) nutritional value.
Intervention and participants
In an attempt to promote healthier food habits among its customers, the company designed and executed an intervention targeted at students from three schools (hereafter, 'intervention schools') in the city of Belo Horizonte, Brazil. We learned about the intervention only after its execution. Although we did not have any say about the selection of participant schools or the intervention itself (e.g. type and duration), we decided on the design (i.e. the inclusion of a pre-post period and a control condition), the measures (i.e. how to compute the main dependent variable and variables used for robustness checks) and statistical analyses for the present study.
The intervention lasted nine weekdays from 8 September to 18 September of 2015. Intervention schools were selected from the company's pool by the company's chief dietitian-nutritionist using subjective criteria, reportedly 'their engagement and frequency of exchange of information'. The intervention consisted of the promotion of five target products in each school through raffle giveaways. The five products were a combination of food and drink items of moderate (e.g. locally made cheese and tomato pastry, chicken pastry, wholegrain cookie) and high nutritional value (e.g. fruit salad, fresh orange juice, apple; for the complete list of promoted products, please refer to Supplemental Table 1 in the online supplementary material).
Each of the participant school cafeterias selected five products of moderate or high nutritional value regularly offered on the menu. Each time students bought any of those promoted items using the pre-paid card system, they received a raffle ticket that could be drawn to win a board game and a credit of R$15 (approximately $US 5) in their pre-paid card account. The raffle was advertised in the intervention schools through posters that were affixed before the start of the promotion (2 September) such that students who were not using the system could join and participate (from 8 September onwards). Each school cafeteria exhibited a case where the raffle tickets should be filed. The winners were drawn from a ballot box on 14 September and again on 21 September, when the prizes (board games) were delivered. The R$15 in credit was later loaded into the winners' accounts.
From the pool of schools that used the company system, we identified one school that had not been treated with the intervention. In addition to being in the same city as the intervention schools, this control school also offered a similar menu, including items that were promoted in the intervention schools, during all the period of interest (see details in the next section).
For the purpose of the present study, a student was considered a participant if he or she made a purchase using the debit-card system anytime during the period of interest, whether or not he or she ever bought a promoted product. The students' ages ranged from 7 to 18 years. Participants were all followed longitudinally and their number did not vary across time periods in the intervention schools.
We obtained ethical approval from our institutional research committee (#06102015-1701) as well as from the company (Technical Cooperation Term #09062015) to independently analyse the data. Students' anonymity was preserved. To avoid any potential conflict of interest, no member of the company participated in the analyses or reporting of this, now called, quasi-experiment.
Measures and design
The outcome variable was the mean number of promoted products purchased daily per participant. Although we measured purchase rather than actual consumption, the former has shown to serve as a rather reliable proxy (30) . Since our research interest focused on the extent to which the intervention increased healthier food purchase in the short term (during the intervention period) and long term (after the intervention period), a pre-post design was implemented. To avoid interferences due to winter vacations (which occurred from 11 July until 31 July), the time frame of interest was restricted to the period between August and October 2015. National holidays and weekends were not considered. The final sample included: (i) an intervention period of nine weekdays, which was the total duration of the promotion and was not determined by the authors; (ii) a preintervention period of twenty-six weekdays, which was retrospectively determined by the authors, having the start of the Spring term as an external constraint; and (iii) a postintervention period of twenty-eight weekdays, which was retrospectively established by the authors to roughly match the duration of the pre-intervention period.
Moderators
Sex and age represented the main demographic variables of interest. Girls feel more social pressure to stay thin, are more dissatisfied with their bodies because they feel overweight (31) and may start dieting at a very early age (32) . Thus, one could expect girls to be more motivated than boys to adhere to an intervention that rewarded choosing a healthier, less energydense snack. Conversely, boys are more likely to take financial risks (33) , overestimate the chances of winning (34) and enjoy gambling (35) . Thus, one could expect boys to be more attracted to a lottery-based reward than girls.
The impact of age is also possible, but the direction is likewise unclear. Although younger children might find it difficult to understand and respond to complex behavioural interventions (36) , older students might be less likely to change their habits since food preferences are formed early in life (37, 38) . In addition, longer-standing behaviours are harder to be substituted by new ones (39) . Moreover, adolescents might already have experienced losses in games of chance and could therefore be less optimistic about the lottery outcome than younger children (40) . Finally, the majority of students had never consumed these products prior to the intervention, but some had done so to a lesser or greater extent. Given that incentivizing the consumption of an already liked food item can undermine one's intrinsic motivation to purchase/consume it (41) and/or potentially trigger satiation as a result of overconsumption, the available data set allowed us to assess the extent to which prior consumption moderated the impact of the intervention on students' purchasing behaviour, particularly in the long term. To capture the effect of past consumption behaviour heterogeneity, we compared the effects of the intervention across groups of students who had bought promoted products before the intervention with those who acquired them for the first time during the intervention. A dummy variable indicated whether the participant had (or had not) purchased a promoted product prior to the intervention.
Statistical analysis
A hierarchical linear model (42) was used to examine the short-and long-term influence of the intervention on the purchasing of promoted products. Repeated observations were nested within participants and participants nested within schools in a three-level model to account for the non-independence of observations (43) .
The impact of incentives on healthier eating
The outcome variable was aggregated at the individual level into three periods (before, during and after the intervention) to mitigate problems of serial autocorrelation (44) . We first estimated a within-subjects model with the independent dummy variables for during-and postintervention period, which captured the change in consumption relative to the pre-intervention period.
Next, to estimate the short-and long-term effects of the intervention, within-subjects hierarchical linear models were estimated including data from all three intervention schools and having the dummy variables that indicate during-and post-intervention periods as the only predictors. In order to evaluate heterogeneous treatment effects, two-way interactions between indicator variables representing the duringand post-intervention periods and demographic or behavioural covariates (Z i ) were considered, as follows:
To further refine the analysis, we compared the purchasing behaviour of students in the intervention schools with that of students from the control school, which allowed us to detach the effect of the intervention from seasonal variation or other unobserved events. Overall, 208 students used the company system to buy snacks in the cafeteria of the three treated schools, whereas 144 used this system at the control school during the period of interest. Therefore, to check for the robustness of the findings from within-subjects models, difference-in-differences models were estimated, including as predictors the indicator variable representing the treatment condition of the school, the during-and postintervention periods dummy variables and their interactions with the treatment dummy. Furthermore, heterogeneous treatment effects were estimated based on the following adjusted difference-in-differences model:
In these models, the coefficients of interest are the threeway-interactions (β 10 and β 11 ), which represent the heterogeneous effects of the intervention in the intervention schools (respectively in the short and long term) relative to the control school. For the sake of brevity, only these coefficients from the difference-in-differences models are reported in the text. Data analyses were performed with the statistical software package Stata version 13.1. Table 1 presents the descriptive statistics of the participant students within intervention and control schools. Schools were judged to be comparable in terms of students' mean age and sex distribution. The company could not inform the total number of children and adolescents in each school at the time of the intervention. Since all students in each school are eligible to use the company's system, but not everyone does, we could not make any inferences on the magnitude of the students' engagement with the incentive programme. As observed, except for the number of participants, the control school presented demographic and purchase-related characteristics similar to at least one of the intervention schools.
Results

Descriptive statistics
Overall effect A main effect of the treatment was observed in a withinsubjects assessment of the three intervention schools. The mean number of promoted products purchased daily per participant increased significantly during (v. before) the intervention: β = 0·06, P < 0·001 (see Table 2 ). There was no evidence of a long-term effect. That is, the incentive did not impact the purchase of the promoted healthy items after the intervention period (β = 0·01, P = 0·463). Additional analyses showed that the main effect of the intervention was significant for both moderate and high nutritional value promoted items during the intervention (β mod = 0·03, P < 0·001 and β high = 0·03, P < 0·001), but not in the post-intervention period (β mod = 0·00, P = 0·632 and β high = 0·00, P = 0·509), in line with the aggregated results. Control  144  46  10·52  1·91  1·60  0·83  5·19  2·77  Intervention  I1  68  55  11·08  2·63  1·64  0·80  5·04  2·63  I2  102  66  10·11  2·54  2·04  2·33  4·58  3·12  I3  38  47  11·00  2·83  1·32  0·52  3·71  1·73 Values were calculated considering participants' behaviour prior to the intervention (R$, Brazilian reais).
Three alternative outcomes were also analysed as robustness checks, including: (i) mean amount of Brazilian reais (R$) spent daily per participant; (ii) mean number of choices of promoted products daily per participant (this metric does not consider the number of items bought in each purchase, but only if they were bought or not in a given purchase); and (iii) proportion of choices of promoted items over total choices per period per participant. Results were robust for the main effects of the intervention in the within-subjects and difference-in-differences models, for all additional outcomes (please refer to Supplemental Table 2 in online supplementary material).
To assess possible differences across the three intervention schools, a likelihood-ratio test was used comparing models with and without interactions between the time periods and dummy variables representing the schools. A significant effect was observed (χ 2 ð4Þ = 15·58, P < 0·001). This effect resulted from a steeper increase in the consumption of the promoted products at school I3. Despite this difference, the purchase pattern of the promoted products resembled an inverted U-shaped curve in every single intervention school, which attests to the robustness of the effect.
A difference-in-differences model compared the pattern of purchase of promoted products between the intervention and control schools. A model using daily measures indicated parallel trends between intervention and control schools before the intervention, suggesting no significant differences in purchase patterns during that period. The results indicated that the coefficient of the interaction term between the indicator of treatment and the indicator of the period during the intervention was positive and statistically significant (β = 0·05, P = 0·002; see Table 2 ), which means that there was an increase in the purchase of the promoted products in the intervention schools. Figure 1 qualifies the effect by demonstrating a monotonic increase from the pre-to post-intervention period in the control school and an inverted U-shape in all three intervention schools. This finding supports the conclusion that the increase in the purchasing of promoted products was an effect of the intervention rather than a mere seasonal effect.
Compensatory and complementary effects
In order to explore potential compensatory effects, we divided the sample into two parts: (i) sub-sample 1, with HLM, hierarchical linear model. During treatment: 1 = during the intervention period; 0 = before the intervention period. Post-treatment: 1 = after the intervention period; 0 = before the intervention period. Age: <13 years old/children = 1, ≥13 years old/adolescents = 0. Sex: 1 = female; 0 = male. Past behaviour: 1 = purchased promoted products before the intervention; 0 = did not purchase promoted products before the intervention. *P < 0·05, **P < 0·01.
those students who consumed at least one promoted product during the intervention (n 61); and (ii) sub-sample 2, including those who did not respond to the intervention. We did so as compensatory effects might only occur among those who, in fact, purchased the promoted product as a consequence of the intervention. We observed in sub-sample 1 that there was a main effect of the intervention in the short term on the total number of products purchased daily at the school cafeteria (β = 0·41, P = 0·001) and on the total number of non-promoted healthier items (β = 0·12, P = 0·002), but also on the number of low nutritional value items (β = 0·12, P = 0·015). There was no significant change in the total amount of purchased products among students from sub-sample 2 (β = − 0·04, P = 0·527). A more detailed analysis of the consumption of the students from sub-sample 1 indicated that the increase in their consumption of non-promoted products during the intervention derived only from non-promoted beverages (β = 0·04, P = 0·010), but not from non-promoted products other than beverages (β = − 0·01, P = 0·820). This effect may be explained by complementary consumption of drinks in addition to solid items since, except for orange juice, none of the promoted items were beverages.
Age and sex in the short term The short-term impact of the intervention varied by age (β = 0·06, P = 0·036) and sex (β = 0·05, P = 0·043; see Table 2 ). Children younger than 13 years of age had a better response to the intervention (mean pre = 0·03, SD = 0·08 v. mean during = 0·10, SD = 0·22; β = 0·08, P < 0·001) compared with those aged 13 years or above (mean pre = 0·03, SD = 0·08 v. mean during = 0·05, SD = 0·13; β = 0·02, P = 0·455). A three-way interaction between the indicator variable representing the treatment condition of the school, the period during the intervention and age was statistically significant (β = 0·13, P = 0·003), suggesting that the effect was robust when the intervention schools were compared with the control school. Similarly, girls were more sensitive to the intervention (mean pre = 0·02, SD = 0·07 v. mean during = 0·10, SD = 0·23; β = 0·08, P < 0·001) compared with boys (mean pre = 0·04, SD = 0·10 v. mean during = 0·07, SD = 0·16; β = 0·03, P = 0·070). However, this time the three-way interaction term between the treatment condition of the school, the period during the intervention and sex was not significant (β = 0·07, P = 0·053).
Past behaviour in the short term As displayed in Table 2 , the short-term impact of the incentive did not interact with past purchase (β = 0·01, P = 0·822). The difference-in-difference model yielded similar results with a non-significant three-way interaction (β = 0·01, P = 0·877). During the intervention, the incentive programme was effective irrespective of the frequency with which a participant purchased promoted products prior to the intervention.
It is worth noting, however, that contrary to the main effect of incentives on consumption of targeted healthy items during the intervention period, the interacting role of age, sex and past behaviour did not pass the robustness check of alternative outcome variables. That is, heterogeneous treatment effects were sensitive to the specific dependent variable at stake (please refer to online supplementary material). Long-term effects No significant difference between pre-and postintervention consumption was noted in the intervention schools (β = − 0·03, P = 0·052) in the difference-indifferences model. Additionally, a supplemental analysis identified a non-significant linear trend of the daily number of promoted products purchased in the postintervention period (β = 0·00, P = 0·080). Put simply, the removal of a nine-weekday incentive programme reduced the purchase of the promoted products to pre-intervention levels almost immediately, and purchases remained at low levels.
Age and sex in the long term
The long-term impact of the intervention on healthier eating did not vary by age (β = 0·00, P = 0·964) or sex (β = − 0·01, P = 0·710). These results were consistent at the three-way interaction model for both age (β = 0·06, P = 0·170) and sex (β = 0·02, P = 0·506).
Past behaviour in the long term
The long-term impact of the intervention did not vary as a function of past behaviour (β = −0·04, P = 0·066). The three-way interaction model revealed similar results (β = 0·06, P = 0·111).
Discussion
The present study assessed the effect of a lottery-based incentive on the purchase of healthy food by children and adolescents in school cafeterias. Besides some wellfounded scepticism on the role of schools-based interventions on obesity prevention (45, 46) , we found that students responded to the intervention in the short term, as expected. However, no long-term effect was observed. Although the incentive promoted a temporary positive shift, it did not form a habit. Why was the incentive so ineffective in the long term? Several aspects might have affected the results. However, we believe that there are at least two elements to consider when compared with other studies in this area: (i) the duration of the intervention period; and (ii) the format of the incentive.
The intervention used in the present study lasted only nine weekdays. This was a rather short period of time compared with studies that observed lingering effects (19, 21, (47) (48) (49) . Indeed, the higher efficacy of longer programmes was supported by a review of field experiments that assessed the effect of economic incentives in changing eating behaviour (50) . Out of the seven studies that included follow-up periods, three studies observed sustained improvement after the intervention period (duration of the programmes: 5 to 24 weeks, 24-week follow-up, none regarding school settings or children), whereas four of them did not identify any lasting effect (duration of the programmes: 3 to 12 weeks, 3-to 24-week follow-up, one of them in a school setting), roughly suggesting that habits could be built after longer exposures. The intervention used in our study lasted for significantly less time than any of the other studies. Hence, it is possible that a 'minimum duration threshold' is required for any lasting effect to be observed.
In our study, the incentive was formatted as a lottery. Current literature suggests that for habits to form, responses must become tied to features of performance contexts and not to the rewarding outcomes (51) . Moreover, the reinforcement schedule embedded in lottery incentives tends to produce goal-directed behaviour, which is typically associated with cessation of the behaviour if the reward is absent (52) . This notion could partly be the reason why many of the described studies (ours included) were not able to demonstrate consistent and long-standing habit formation in the samples studied. Nevertheless, it did have an effect in the short term. Considering that people on average overestimate small probabilities (53) , formatting an economic incentive as a lottery might be a scalable, costeffective intervention if the expected goal is, for example, a one-time behaviour, such as exposing children to a new healthy food for the first time.
Finally, students who engaged in the promotion bought more products, and more unhealthy products. The effect of the incentive on students' behaviour could elicit one of two possibilities: (i) children and adolescents could either buy the promoted products in addition to their other habitual choices; or (ii) they could substitute a given product for the promoted ones. Although addition would be an obviously unintended consequence given the potential increase in energy intake, substitution would only push towards a healthier track if unhealthy products were being substituted for the promoted, healthier ones. Being informed that the products promoted were healthier, participants might have compensated their intake by choosing less healthy, more energy-dense snacks. Moreover, having already chosen the healthier option, students might have allowed themselves to indulge in a less healthy treat (54) . Another possible explanation relies on the fact that beverages were the only category responsible for the increase in the purchase of less healthy items during the intervention, which may indicate a complementary consumption of drinks to solid promoted items (such as ham and cheese pastry or burger on a wholegrain bun).
Age
The literature has reported surprisingly mixed findings on the impact of age on behaviour change. Kropski et al. (55) found that programmes including younger children (7-10 years) were generally not effective in reducing BMI or obesity prevalence, whereas older children (10-14 years) demonstrated positive outcomes. Budd and Volpe (56) also suggested that programmes targeting older children were more successful potentially because older age might make
The impact of incentives on healthier eatingstudents more amenable to behaviour change. In contrast, a meta-analysis by Cook-Cottone et al. (57) found that interventions that targeted younger children were the most effective. Lastly, a meta-analysis found no difference across age groups (31) . In the most recent field experiments on the effect of incentives on eating behaviour (varied age ranges, roughly between 6 and 14 years), although some studies observed better responses for younger children (19, 58) , others found the opposite results (24, 59, 60) . In our study, there is some evidence that the short-term effect of the incentives programme was stronger for children compared with adolescents. Although the exact reasons for this effect are unclear, it is worth mentioning at least two possibilities. On the one hand, the fact that younger children (<13 years) responded better to the intervention is consistent with the notion that it is easier to change the behaviour of younger (v. older) people. However, we cannot exclude the alternative explanation that this particular group was simply more sensitive to the type of incentive being offered (e.g. board games such as Monopoly and Guess Who?).
Sex
Evidence from the current literature on sex-specific response to behavioural change programmes towards healthier lifestyles is also inconclusive. A meta-analysis by Cook-Cottone et al. (57) found that although mixed-gender interventions had an overall significantly positive effect, female-only oriented interventions had mixed outcomes. Kropski et al. (55) assessed the effect of school-based programmes on obesity prevention and suggested that those that were based on educational components built over social learning would be more appropriate for girls, whereas structural and environmental interventions enabling physical activity would be more effective for boys. From the most recent field experiments on the effect of incentives, Loewenstein et al. (19) did not notice sex differences during the intervention but found that boys had a slightly lower level of habit formation, whereas Just and Price (24) found that girls responded better to their intervention. List and Samek (59) and Belot et al. (60) found no considerable sex differences. We found only weak evidence that girls responded better to the intervention in the short term and the effect varied depending on the outcome measure used. One possible reason for this effect is that the message conveyed by the promotion of healthier eating habits alluded to weight-and body-image-related issues, a matter that girls are more sensitive to (31, 32) . Another reason could be the alimentary nature of the intervention, which is a less appealing incentive for males. Finally, the girls in our sample might also have become more interested in the rewards offered.
Past behaviour
Students who had habitually purchased the promoted items prior to the incentives intervention and those who had not responded to the intervention in a similar way in both during-and post-intervention periods. This null effect deserves attention since previous research results suggest that the use of incentives may undermine intrinsic motivation if the target product is already liked (41, 61) . In line with more recent evidence that the use of incentives to promote health behaviour might be impervious to the crowd-out effect (62, 63) , the findings from the present quasiexperiment suggest that the decrease in the choice of previously bought products may be due to a regression toward the mean (64, 65) . Further studies should employ designs that allow for past behaviour assessment and longer follow-up periods in order to further identify the emergence of the crowd-out effect when health behaviour is being incentivized.
Limitations
Our study had a few key limitations. First, the causal inference was limited by the lack of random assignment of the intervention. However, the adopted pre-post design controls for the effect of time-invariant confounders and the inclusion of a control school in a difference-in-differences model accounts for the potential effect of seasonal or other external events during the intervention, reinforcing the robustness of the findings. Second, no information on actual consumption was available. Thus, we do not know whether students' choices and purchases were actually eaten. Third, we did not have access to purchases made in cash in the cafeteria. We are aware that the debit-card system is the preferred method of paying for snacks, but it is not exclusive. Fourth, the increase in purchasing of the promoted healthy items might not have been related to the incentive itself, but simply due to the fact that they were put in evidence, an effect that our study was unable to disentangle. Lastly, the present study discussed the results of an intervention that took place in private schools in the Southeast of Brazil. Although we are aware that private schools are a niche market, which might limit the reach of our findings, it represents a non-negligible population of approximately nine million students, roughly 25 % of school-age children and adolescents in Brazil (66) . Nevertheless, we believe that our findings are potentially replicable in public schools, especially given the scalability and cost-effectiveness of lottery incentives.
Conclusion
The present study reports the results of a lottery-based incentive programme tested using data from a quasiexperiment. Within the programme, we test the effectiveness of an incentive conditional on the purchase of healthy promoted items on the short-and long-term influence on healthier products purchasing behaviour. We also perform a subgroup analysis to detect different patterns of response to the programme across sex, age and previous purchasing behaviour. We find evidence of a short-term effect of the intervention that is particularly effective among younger students. Long-lasting effects of the intervention were not observed after the incentives were suspended, which begs the question of whether a 'minimum duration threshold' is required for any lasting effect to be observed. We did not find a crowd-out effect among those students who already used to buy the products that were then promoted during the intervention. Furthermore, students who responded to the promotion bought more products overall, but also more of the unhealthy products, an obvious unintended consequence of an intervention designed to stimulate healthier eating behaviour.
Importantly, as we move to a cashless society and face the health consequences associated with it (67) , we believe that the described debit-card system allows for multiple interventions to be tested simultaneously or in tandem, with low marginal costs, in addition to discreetly collecting secondary data. This may help elucidate the configurations of incentive programmes that, alone or in association with other interventions (68) , could lead to most-wanted, longlasting behavioural change and explore boundary conditions for new habits to emerge.
These results underscore the need for a better understanding of the role of economic incentives in building longlasting behavioural change towards healthy eating. Consistent with other research that assesses the impact of incentives in health and education-related behaviour, we maintain that discussion should go beyond whether incentives work but rather when and why they do and do not work (69) and, just as important, for whom and for how long.
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